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published in Prejudices: Second Series (1920), and A Mencken Chrestomathy
(1949)
The aphorism from Mencken, which we have chosen as the header for our review, is
particularly pertinent to the ongoing controversies regarding the anatomic arrange-
ments of the myocytes that make up the ventricular mass. The 3-dimensional architec-
ture of these cells has fascinated anatomists for centuries. Despite multiple
investigations, it has proved difficult to relate the presumed anatomic arrangements
to function so as to adequately explain the contractions that produce the forces driving
the systemic and pulmonary circulations. In particular, it has been difficult to explain
why, although the individual myocytes thicken by only one sixth as they shorten, the
ventricular walls made up of the aggregated myocytes thicken by an appreciably
greater proportion during systole. Most anatomic investigations, exemplified perhaps
by the detailed study of Pettigrew,1 have shown that the long axis of the aggregated
myocytes changes in angulation relative to the ventricular equator at different depths
within the ventricular walls. In recent years, at least 2 alternative concepts of myocytic
aggregation have come to the fore, although neither has been substantiated by inde-
pendent anatomic investigation. One of these concepts is based on the premise that
radial fibrous lamellas interpose between ordered layers of myocytes, permitting
them to slide between each other during the process of systolic thickening of the ven-
tricular walls.2,3 A cartoon used to illustrate this concept, however, shows the lamellas
extending uniformly from the epicardium to the endocardium.1 Any examination of
a histologic section across the thickness of the ventricular wall is sufficient to show
that there is no support for this particular notion. Such examination also shows that
there is no order in the arrangement of the supporting fibrous matrix sufficiently
regular to segregate the walls into uniform myocardial sheets.
It is the other concept, equally spurious in our opinion, that has received greater
attention in the surgical literature. Thus over the past few years, multiple articles
have been published to support the notion that the ventricular myocardium is arranged
in the form of a ‘‘unique myocardial band.’’4-7 The concept itself stems from the work
of Torrent–Guasp, who initially published his ideas in a book written in Spanish.8 To
the best of our knowledge, the evidence supporting the notion has never subsequently
been submitted to peer review, nor has the concept received support from any inde-
pendent investigator. On the other hand, numerous groups, including ourselves,iovascular Surgery c July 2008
Anderson et al Point/Counterpointhave emphasized the anatomic findings that militate strongly
against the hypothesis.9-13 Despite this strong body of evi-
dence contradicting the notion of the unique band, it is per-
haps surprising that those cardiac surgeons who now
proselytize the notion have neglected to conduct their own
histologic studies so as to validate the findings thus far ob-
tained exclusively from dissection. As was pointed out
long since by Grant,14 in a perceptive review of the problems
facing those who seek to understand the structure of the ven-
tricular mass, those dissecting the myocardium after denatur-
ation with heat are able to produce precisely the patterns they
wish to demonstrate simply because of the intricate 3-dimen-
sional weave of the myocytes set in their supporting matrix of
fibrous tissue. The process of dissection, however, destroys
the initial 3-dimensional arrangement.
In this review we will recapitulate the evidence showing
that the myocardium is arranged on the basis of a modified
blood vessel rather than possessing components that have or-
igins and insertions, as is the case for the skeletal muscula-
ture.15 We will then discuss how the 3-dimensional
arrangement of the myocytes, with the majority oriented
with their long axis tangential to the epicardial and endocar-
dial surfaces but with some intruding so that their long axis is
inclined more toward a radial orientation, is such as to ex-
plain the well-recognized dualistic function of the ventricular
mass.16-18 In producing our review, we should also empha-
size that we are combining the findings from investigators
with diverse backgrounds. On the one hand, the anatomists
(RHA and DSC) have spent a lifetime studying the structure
of the heart. The anatomic investigations, however, are inte-
grated with the physiologic observations of our other col-
leagues (PN, PPL), who has dedicated his career to the
elucidation of cardiodynamics. Thus our review represents
the synthesis of those who have studied personally both the
structure and function of the myocytes making up the walls
of the ventricular chambers of the heart.
Basic Structure of the Ventricular Mass
Histologic examination of the myocytes making up the
bodily tissues shows that there are 3 specific types. The skel-
etal musculature is composed of striated syncytial cells that
are under voluntary control. For the most part, these muscles
have specific origins and insertions. In the case of the tongue,
however, the myocytes intermingle within its substance, their
long axes crossing each other to produce the obvious ‘‘grain’’
that becomes visible when the organ is prepared for human
consumption.19 In contrast to the skeletal muscles, which
contract in response to voluntary actions, the musculature
of the bodily organs and the blood vessels is made up of mul-
tiple individual myocytes lacking obvious cross-striations.
Within the walls of these organs and vessels, it remains
possible to discern an overall alignment of the long axes of
the smooth myocytes, with some oriented in a circular fash-
ion and others having a longitudinal orientation. The cardiacThe Journal of Thmyocyte is intermediate between the extremes of the skeletal
and smooth variants. Although possessing obvious cross-
striations within each myocyte, the cells themselves being
joined together at the ends and also through side linkages,
the myocytes are not arranged in the form of a syncytium.
Therefore each cardiac myocyte retains its individual func-
tion as a component of an endless and branching chain.
Nor are the cardiac myocytes under voluntary control.
Instead, the activation of the cardiac myocytes is governed
by the so-called conduction tissues. Each cardiac myocyte
is able to conduct and indeed must conduct by itself so as
to produce synchronous cardiac activity. The cardiac im-
pulse, or activation, nonetheless is generated by a specialized
group of myocytes known as the sinus node and is delayed at
the atrioventricular junctions by the second group of special-
ized myocytes, which forms the atrioventricular node. The
cardiac impulse is then disseminated to the ventricular myo-
cytes through the only system within the myocardium that is
insulated from the neighboring areas, namely the atrioven-
tricular conduction axis.20 Unlike the cells of the conduction
axis, which can be readily discerned as forming insulated
tracts and which have an obvious beginning within the atrio-
ventricular node and an end in the Purkinje network, the re-
mainder of the ventricular walls is made up of an intricate
3-dimensional arrangement of myocytes set within a support-
ing fibrous matrix and fed by vessels, nerves, and lymphatics
(Figure 1). Therefore the basic ‘‘building block’’ making up
the ventricular walls is the myocyte. Significantly, there is no
ordered packing of individual myocytes into recognizable an-
atomic units that could legitimately be described as second-
ary or tertiary arrays. Hence it is impossible to dissect
fibers as functional entities from within the ventricular walls.
It is nonetheless possible to recognize the overall orientation
of the long axes of the myocytes because each individual my-
ocyte is appreciably longer than it is wide (Figure 1). As we
have already discussed, as each myocyte shortens during
ventricular contraction, it does so in the mean by no more
than 15% of its overall length. During ventricular systole,
however, the walls increase by appreciably more than 15%
of their thickness. Therefore the paradox for cardiodynami-
cists has been to explain how this limited shortening of the
individual myocytes can adequately explain ventricular
mural thickening.
Alignment of the Myocytes within the Ventricular
Walls
The simple process of removal of the epicardial fat from the
surface of the ventricular mass reveals an unequivocal
‘‘grain’’ to the myocardial architecture (Figure 2, A). When
viewed from the aspect of the ventricular base, this process
also reveals the helical arrangement of the myocytic arrays
as they spiral into the atrioventricular valvar orifices
(Figure 2, B). As already emphasized, the apparent units re-
vealed in this fashion have no independent anatomic identity,oracic and Cardiovascular Surgery c Volume 136, Number 1 11
Point/Counterpoint Anderson et alFigure 1. The histologic section (left)
shows the overall structure of porcine
ventricular myocardium. The wall is
made of individual myocytes, each
much longer than it is wide, set in a sup-
porting matrix of fibrous tissue. It is not
possible to recognize discrete anatomic
units made up of given numbers of myo-
cytes. The scanning electron micro-
graph (right) prepared from human
myocardium shows the structure of the
supporting collagenous matrix. There
is no uniform repeating pattern of the
thicker components within the matrix,
so that the myocytes themselves are
the only units that can be recognized
as individual entities.nor is it possible, simply by making gross dissections, to
ascertain the arrangement of the individual myocytes. Histo-
logic sectioning of strands pulled from the ventricular surface
does reveal that the orientation of the myocytes, by and large,
is parallel to the long axis of the removed strand.21 As dem-
onstrated exquisitely by Pettigrew,1 it has long been known
that, as more and more of the ventricular walls are peeled
away, the long axis of the units visible to the dissector change
markedly in their orientation relative to the equator of the
ventricular cone (Figure 3).22,23
The potential significance of this change in angle relative
to the ventricular equator, known as the helical angle, came to
prominence with the investigations of Streeter and col-
leagues.22,23 Nonetheless, Streeter and colleagues were of
the opinion that all of the myocytes, although changing their
helical angle at different depths within the ventricular walls,
were oriented in tangential fashion relative to the epicardial
and endocardial ventricular surfaces. This presumption that
all myocytes were aligned in tangential fashion stemmed
from the work of Frank,24 who, when discussing the interre-12 The Journal of Thoracic and Cardiovascular Surgery c Julylationship of structure and function stated, in our translation
from the original German text: ‘‘The longitudinal direction
of the myocardial fibers must generally be tangential with re-
spect to the ventricular surface. If these fibers were in a normal
direction to the wall surface, their shortening would induce
ventricular dilation rather than a reduction in ventricular vol-
ume..’’ All of these studies are pertinent because even if
note is taken only of those myocytes oriented with their
long axis parallel to the ventricular surfaces, they provide suf-
ficient evidence to dismiss immediately the notion of the
‘‘unique myocardial band.’’ This is because within the left
ventricle, the majority of the tangential myocytes are aggre-
gated so as to encircle the ventricular cavity, producing the
‘‘triebwerkzeug,’’ or ‘‘driving force,’’ for ventricular contrac-
tion emphasized by von Krehl.25 Therefore the larger part of
the ventricular septum belongs to the left ventricle, as shown
by the earlier dissections, validated by histology, carried out
by Greenbaum and associates.10 It is hardly surprising that
evidence emerges to support the existence of parts of the pur-
ported unique band. The hypothesis underlying the notion ofFigure 2. These dissections of human
hearts have been made by removing
the epicardial fat and dissecting along
the long axis of the myocytes, so as to
reveal the overall ''grain'' of the cells
as they are aggregated together within
the supporting fibrous matrix. The left
panel shows a frontal view, whereas
the right panel shows the helical ar-
rangement of the aggregated myocytes
at the base of the left ventricle.2008
Anderson et al Point/CounterpointFigure 3. The drawings are taken from
the work of Pettigrew1 and show his
dissections of the sheep heart. The ori-
entation of the long axis of the aggre-
gated myocytes can be seen to change
markedly at different depths within the
ventricular wall, each drawing repre-
senting an increasing depth of dissec-
tion. It was this changing angle that
Streeter and colleagues22,23 subse-
quently emphasized as the ''helical
angle.''the unique band, however, is that it exists as an entity. It can-
not exist in part, and it does not exist as a continuous entity.
If we are properly to explain ventricular cardiodynamics,
we must also question the assertion that all myocytes are ori-
ented with their long axis tangential to the ventricular sur-
faces. As long ago as the beginning of the 19th century,
Brachet26 had suggested an ingenious mechanism to explain
diastolic movement of the ventricular walls. He had argued
that the larger part of the myocardium was arranged so as
to promote ventricular ejection but that a separate component
of ventricular myocytes, oriented in a radial direction, existed
to sustain ventricular dilation. Because we now know that lo-
cal measurements of force within the ventricular walls show
that different parts of the heart respond in different fashions to
inotropic interventions and to changes in preload and after-
load,16-18 there is much to support the notion put forward
by Brachet26 for dualistic ventricular function. Against the
concept is the fact that previous studies of myocardial archi-
tecture had signally failed to identify any collections of my-
ocytes oriented with their long axis from the epicardium to
the endocardium. In other words, they had failed to show
any radial component of the ventricular mass. To a large ex-
tent, this was because, with the changing helical angle of the
myocytes within the depth of the ventricular walls, it was dif-
ficult to measure the long axis over significant distances rel-
ative to the radial axis. We have now overcome this difficulty
by cutting full-thickness sections of the ventricular walls with
circular knives. When these sections are analyzed histologi-
cally, 2 important facts are revealed. First, although there is
no anatomic layering within the walls, neither are there any
ordered fibrous shelves that compartment the wall in radial
fashion; the myocytes are packed together within the fibrous
matrix such that they show a regular pattern (Figure 4). WhenThe Journal of Thorthe long axis of the myocytes is measured relative to the plane
from the epicardium to the endocardium, a proportion of the
cells are found to be oriented with their long axis inclined at
angles of up to 35 relative to the epicardial plane.27 These
patterns are reproduced throughout the ventricular walls, al-
though there is no organization of the supporting fibrous ma-
trix that permits the overall weave to be unraveled so as to
produce an anatomically determined unique band.
Is It Possible to Produce a ''Unique Myocardial
Band''?
The answer to the above question is an unequivocal yes. But
by the same token, the ventricular mass, because of its com-
position of a 3-dimensional weave of myocytes set within
a supporting fibrous matrix, can be unraveled to produce
any band, as determined by the dissector. Thus Torrent–
Guasp chose to unravel the ventricular mass so that the my-
ocytes seemed to take their origin from the pulmonary trunk
and ended at the aorta (Figure 5, A). It is equally possible to
unravel the myocardial mass so that the band extends from
the mitral orifice to the tricuspid orifice or from the apex of
the right ventricle to the apex of the left ventricle. Therefore
the question is not whether the ventricular mass can be unrav-
eled but rather whether the band thus produced has any func-
tional significance. Functional correlates can be examined by
studying the overall orientation of the individual myocytes
within the unwrapped band. If the array was truly of func-
tional significance, then all the myocytes would follow the
orientation of the band. When unraveled in the fashion sug-
gested by Torrent–Guasp, it is certainly the case that, in dif-
ferent parts of the band thus produced, the myocytes are
aligned parallel to the long axis of the band. When judged
as an entirety, however, there is no overall consistency ofacic and Cardiovascular Surgery c Volume 136, Number 1 13
Point/Counterpoint Anderson et alpacking (Figure 5, B). Furthermore, when we consider the
pattern of ventricular activation, we know that the overall se-
quence is for each ventricle to contract sequentially and rel-
atively synchronously from the apex to the base.
Figure 4. These full-thickness sections of porcine ventricular
walls have been punched out with pairs of circular knives of vary-
ing diameter, stained histologically, and then marked with Indian
ink to reveal all the myocytes sectioned specifically along the
long axis. It can be seen that there is a reproducible pattern of
alignment of the myocytes that changes its angulation, depending
on the diameters of the knives used to punch out the sections. This
pattern is reproduced to a varying extent throughout the ventricu-
lar walls.14 The Journal of Thoracic and Cardiovascular Surgery c July 2The myocytes within the walls themselves show a tempo-
ral sequence of activation from endocardium to epicardium,
with the initial activation being triggered by the ventricular
conduction tissues. This sequence of activation obviously
bears no resemblance to the structure of the purported unique
band. If we then examine the contraction of the individual
parts of the ventricular walls, we find that they also contract
with relative synchronicity, although shortening of the myo-
cytes and regional thickening of the wall has long been
known to occur with some delay.28 At all events, the ob-
served sequence of mural thickening has no resemblance to
contraction along a unique myocardial band. Thus it is cer-
tainly possible to produce multiple unique bands, but as
yet, there is no evidence available to show that these config-
urations have any functional significance and much evidence
to show that such arrangements would not have any mechan-
ical value.
How Do We Account for Systolic Mural Thickening?
As we have stressed, it is well established that when the left
ventricle contracts, its volume decreases by 50% or more. It is
also known that when the individual myocytes shorten as
they contract, they do so by no more than 15%. Therefore
it follows that the extent of systolic mural thickening cannot
be explained simply on the basis of thickening of the aggre-
gated individual myocytes during their contraction. It has
also been known that since the observations of Lower in
1669,29 ventricular contraction could be compared with
‘‘the wringing of a linen cloth to squeeze out the water.’’
These problems were elegantly discussed by Ingels.30 He
showed that models based on the varying helical angle, as de-
scribed by Streeter and colleagues,22,23 combined with the
‘‘triebwerkzeug’’ of von Krehl25 provided a working solution
for ventricular dynamics. He also showed that to fully to ac-
count for the generated tensions, it was necessary to invoke
coupling of the individual myocytes by the struts of the sup-
porting collagenous network (Figure 3). As he stated,Figure 5. The preparation to the left has been
made by unwrapping the freshly excised porcine
ventricular mass so as to produce the ''unique
myocardial band,'' as described by Torrent–
Guasp. Only then did we denature the band using
heat and carried out blunt dissection to reveal the
orientation of the long axes of the myocytes at
various depths within the band. As can be seen
by the cartoons to the right, showing the various
depths, there is no uniformity of packing of the
myocytes along their long axes, but rather the an-
gulation of the aggregated myocytes changes at
different depths within the ventricular walls.008
Anderson et al Point/Counterpoint‘‘Elastic energy is stored in the collagen struts and weaves.
to aid in filling the next beat.’’30 Fully to explain the thicken-
ing of the ventricular walls, it is also necessary to postulate
rearrangements of the individual myocytes relative to each
other within the thickness of the walls. Thus as has been
shown by Hort31 and Spotnitz and coworkers,32 the myocytes
realign themselves within the thickness of the wall during
systole such that up to 40% more are packed between the en-
docardium and the epicardium than is the case during diastole
(Figure 6). This mechanism is also that postulated by the
Auckland school in their various publications.2,3 We endorse
their notion of repacking of the myocytes, but we cannot sup-
port their claim that this is achieved on the basis of uniform
radial fibrous shelves extending from the epicardium to the
endocardium, as shown in their simplified cartoon.2 As we
have already emphasized, the overall arrangement of the col-
lagenous matrix is far from orderly and certainly not ar-
ranged, at least in the human heart, so as to produce
uniform radial sheets of comparable thickness extending
from the epicardium to the endocardium. The so-called
Figure 6. Model showing a potential mechanism for the cyclic re-
alignment of the myocytes stacked between the epicardium and
endocardium. The upper panel shows the array of the myocytes,
represented by matchsticks, during diastole (D). The lower panel
shows the postulated arrangement in systole (S). There has been
realignment of the myocytes, with concomitant thickening of the
ventricular wall.The Journal of Tho‘‘feathering’’ of the ventricular walls, as seen in short-axis
sections and described by Feneis33 and readily evident in
the illustrations of Greenbaum and colleagues,10 is also in-
compatible with the concept of continuous clefts existing be-
tween myocardial sheets and extending from the epicardium
to the endocardium. Additional evidence is now emerging
from so-called tracking of the myocardial aggregates with
diffusion tensor magnetic resonance imaging. This technique
validates the concept of a 3-dimensional myocardial mesh
but produces images that are exceedingly difficult to explain
on the basis either that the myocardium is arranged either in
the form of a unique myocardial band or orderly sheets
stacked in a radial fashion (Figure 7).
Dualistic Function of the 3-Dimensional Myocardial
Weave
The presence of a 3-dimensional netting of the ventricular
myocardial mass that gives rise to tangential, as well as ra-
dial, forces seems paradoxical in an organ that is assumed
to be designed so as to eject blood during systole and then
to be filled passively by virtue of the filling pressure of the
vascular bed. It is well established in basic physiology, how-
ever, that biphasic ventricular motion comprises a balanced,
low-resistance systolic constriction of ventricular cavity, fol-
lowed by an early diastolic fast dilation, thus preserving ven-
tricular size and shape through the normal lifespan. Our
researches17 show that this intricate pattern of motion re-
quires the action of 2 opposing forces. The first is sustained
by a population of myocytes with prevailing tangential align-
ment relative to the walls, which uniquely constricts the cav-
ity. The second smaller force is produced by a population of
myocytes oriented obliquely from the epicardium to the en-
docardium, which act in concert with the supporting matrix
of connective tissue. The force vector produced by this sec-
ond population supports ventricular constriction while also
acting to support ventricular dilation. The pivotal mechanism
necessary to sustain such antagonism is the heterogeneous
presence of auxotonic contractions, which we have correlated
with the similarly heterogeneously distributed population of
myocytes oriented obliquely from the epicardium to the
endocardium.17
Auxotonic contraction accounts for the force produced by
the myocardium as it contracts against an increasing after-
load, with the oblique transmural population of myocytes
supplying these forces as it contracts against the systolic in-
crement in mural thickness.17 The larger proportion of myo-
cytes within the ventricular mass is aligned more or less
parallel to the epicardial surface, and they produce the un-
loading forces. These myocytes, although contracting, obey
the law of Laplace, so that their loading decreases while
the mural radius decreases, the mural thickness increases,
and the left ventricular pressure achieves a plateau. This de-
crease in developed forces has been confirmed by means of
direct measurements performed both in various laboratoryracic and Cardiovascular Surgery c Volume 136, Number 1 15
Point/Counterpoint Anderson et alFigure 7. The images are produced by
tracking the myocardial aggregates in
the ventricular mass of the pig by means
of diffusion tensor magnetic resonance
imaging. Starting from a seeded area,
segments of aggregated myocytes are
concatenated voxel by voxel while ob-
serving a defined set of algorithmic
rules of continuation. Similar pictures
are obtained when other areas are cho-
sen for seeding. The findings are en-
tirely compatible with the notion that
the myocytes are aggregated together
in the form of a 3-dimensional mesh in
that it is possible to race a continuous
and uninterrupted trajectory between
pairs of points selected arbitrarily
within the myocardial mass. This prop-
erty cannot be explained either on the
basis of a ''unique myocardial band''
or sheets stacked in radial fashion
within the ventricular wall.animals16,17 and more recently in patients undergoing cardiac
surgery.18
Therefore it is surely significant that when measured spe-
cifically in their long axis, it has been shown that about one
third of the myocytes within the left ventricular myocardium
intrude within the left ventricular wall at various angles from
the epicardium toward the endocardium, some achieving an-
gulations of up to 40.34 The forces engendered by those my-
ocytes are able, with one vector, to sustain tangential
ventricular constriction, while with a smaller vector, they op-
pose systolic mural thickening. Clinical data35 suggest that
the supporting fibrous matrix, particularly when the myocar-
dium is abnormally fibrotic, assists in deviating the generated
forces from a tangential to an oblique direction. We also have
confirmed through direct measurements17 the resulting in-
crease in developed forces during ventricular ejection in the
population of myocytes intruding obliquely from the epicar-
dium toward the endocardium. The resulting auxotonic, or
augmenting, forces become more pronounced the more the
local myocardial weave is inclined toward the endocardium.
The most outstanding feature of such myocytes contracting
auxotonically is that they maintain their actions for longer
periods than do those myocytes that are unloaded during con-
traction. This prolongation of contractile activity can extend
by more than 100 ms when compared with the contractions of
the myocytes producing unloading forces, depending on the
degree of their intrusion, and hence the amount of augmenta-
tion of contractile force.17 With perfection of ventricular
emptying, mural thickening has reached its regional maxi-
mum. Constricting forces then decrease, whereas auxotonic16 The Journal of Thoracic and Cardiovascular Surgery c Julyforces are on the verge of reaching their maximum. Only at
this stage does the population of intruding myocytes within
the 3-dimensional myocardial mesh become able to shorten
to its maximum. This shortening is then directed more-or-
less toward active thinning of the wall and hence toward early
diastolic ventricular dilation, which sustains the first impetus
of ventricular filling.17
On the basis of our proposed concept, both ventricular
structure and function are organized in an antagonistic
fashion. Myocardial activation is ubiquitous and almost
synchronous, with a maximal delay of 60 ms within the ven-
tricular mass.36 The prevailing mass of myocytes oriented
tangentially to the ventricular wall is able to shorten instantly
after opening of the aortic valve, acting against a decremental
load. Hence the myocytes arranged tangentially within the
ventricular walls shorten early and extensively but have
only a short period of activity, during which they bring about
ventricular emptying. The population of myocytes oriented
obliquely from the epicardium the to endocardium is acti-
vated synchronously, yet as mural thickness increases during
ejection, the myocytes are hindered in their shortening while
developing continuously incrementing forces. By their activ-
ity during ventricular ejection, they temper the thickening of
the wall according to their angulation relative to the epicar-
dium. In this way the population of intruding myocytes is
able to control regional mural thickening. The narrower the
ventricular cavity and the more pronounced the regional
thickening, the more effective becomes the intruding popula-
tion, supported and enhanced by its anchorage within the
matrix of connective tissue. In this setting the action of the2008
Anderson et al Point/Counterpointaugmenting auxotonic forces will be greater. Concomitantly,
their effect of tempering systolic mural thickening grows
more pronounced. Although controlling mural thickening,
the population of intruding myocytes also slows down
tangential shortening.
Such holosystolic antagonism is a function of ventricular
size. The smaller the ventricular cavity, the greater will be the
tempering of systolic mural thickening required to preserve
an unimpeded flow from the ventricular inflow to the outflow.
This intramural antagonism is far from uniform throughout
the left ventricular walls. Thus the motion is known to be
delayed in a major fashion in the superior ventricular wall
immediately above the ventricular apex.28 This local
phenomenon was misinterpreted by Torrent–Guasp8 to be
the effect of late excitation, whereas Hammermeister and co-
workers28 rightly indicated that this region is subject to inter-
regional contractile interaction, which leads in itself to
delayed freedom of shortening.
We speculate that in the diseased heart with increased
fibrosis, this primarily balanced intrinsic antagonism is
likely to degenerate, eventually entering into a critical state
of impediment of systolic mural thickening. The effect of
fibrosis on cardiodynamics, however, is still fragmentary.
We were able to show through direct measurements in pa-
tients that those forces produced by myocytes that antago-
nize systolic mural thickening are more sensitive, by
a factor of two fifths, to b-receptor blockade than are the
prevailing constrictive forces.35 We suggest that this find-
ing is of direct clinical relevance because it explains the ba-
sic mechanism of action of b-receptor–blocking agents on
the failing heart and opens new pathways of understanding
the state of hypocontractility. The hypocontractile ventricle,
in particular cases, might be the consequence of extreme in-
trinsic antagonistic activity. Patients with such problems
might profit from the asymmetric negative inotropism me-
diated by b-blockade, which tempers predominantly the an-
tagonistic dilating forces.
Conclusions
Although there have been suggestions made recently that the
ventricular myocardium is arranged either in the form of
a unique myocardial band or else is organized as radial
sheets, neither of these hypotheses has been validated by his-
tologic studies nor is supported by the wealth of existing an-
atomic studies devoted to the architecture of the ventricular
mass. Rather than showing the postulated secondary or ter-
tiary patterns, histologic studies show that the ventricular
walls are composed of an intricate 3-dimensional meshwork
of myocytes set within a supporting matrix of fibrous tissue.
Our own measurements of forces within the ventricular walls,
validated themselves by detailed histologic studies, now
show that there are 2 populations of myocytes within the 3-
dimensional mesh. The prevailing population is oriented
with the long axis of the myocytes aligned in tangential fash-The Journal of Thoion relative to the ventricular walls. This population produces
the unloading forces responsible for ventricular emptying.
Equally important, nonetheless, is the second population of
myocytes oriented with the long axis at varying intruding an-
gles from the epicardium toward the endocardium. This sec-
ond population, ignored by most cardiodynamicists,
produces auxotonic forces. It is the antagonism between the
2 sets of forces, in our opinion, which best explains the com-
plex actions of the ventricular mass during ventricular systole
and diastole.
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